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Monocyclopentadienyl complexes of chromium, molybdenum or 
tungsten 

5 The present invention relates to substituted 

monocyclopentadienyl, raonoindenyl. monof luorenyl and 
heterocyclopentadienyl complexes of chromium, molybdenum or 
tungsten in which at least one of the substituents on the 
cyclopentadienyl ring carries a donor function which is bonded 
10 rigidly, not exclusively via sp 3 -hybridized carbon or silicon 
atoms, and to a process for the polymerization of olefins. 

Many of the catalysts used for the polymerization of a-olefins 
are based on immobilized chromium oxides (see, for example, 

15 Kirk-Othmer, "Encyclopedia of Chemical Technology", 1981, Vol.16, 
p, 4 02) . These generally give ethylene hompolymers and copolymers 
of high molecular weights, but are relatively insensitive to 
hydrogen and thus do not allow simple control of the molecular 
weight. By contrast, use of bis (cyclopentadienyl) chromium 

20 (US 3,709,853), bis (indenyl) chromium or bis (f luorenyl) chromium 
(0S 4,015,059) applied to an inorganic, oxidic support allows 
simple control of the molecular weight of polyethylene by 
addition of hydrogen. 

25 as in Ziegler-Natta systems, there has recently also been 

interest in finding chromium catalyst systems having a uniformly 
defined active center, so-called single-site catalysts. By 
targeted variation of the ligand structure, the aim is to be able 
to modify in a simple manner the activity and copolynierization 

3 0 behavior of the catalyst and the properties of the resultant 
polymers . 

Thus, EP-A-742046 discloses so-called constrained geometry 
complexes of the group 6, a special process for their preparation 
35 (via metal tetraamides) , and a process for the preparation of a 
polyolefin in the presence of such catalysts. The ligand 
structure consists of an anionic donor which is linked to a 
cyclopentadienyl radical . 

40 K, K. Theopold et al. in Organoroet. 1996, 15, 5284-5286, have 
described an analogous { E ( tert -butyl ami do) dimethyls ilyl] - 
( tetrame thy Icy clopentadienyl )) chromium chloride complex for the 
polymerization of olefins. This complex selectively polymerizes 
ethylene. It is not possible either to incorporate coroonomers, 

45 for example hexene, nor to polymerize propene. 
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This disadvantage can be overcome by using structurally very 
similar systems. For example, DE-Al-19710615 describes 
monocycl open tadienyl chromium compounds substituted by donor 
ligands which can be used, for example, to polymerize propene as 
5 well. The donor in these compounds is from the 15th group of the 
Periodic Table of the Elements and is neutral. The donor is 
bonded to the cyclopentadienyl ring via a (ZR2>n fragment, where R 
is hydrogen, alxyl or aryl, 2 is an atom from the 14th group of 
the Periodic Table of the Elements, and n is 1. DE-A1-19630580 
10 states that the combination of Z = carbon with an amine donor 
gives good results. 

WO-A-96/13529 describes reduced transition-metal complexes from 
Groups 4 to 6 of the Periodic Table of the Elements with 
15 polydentate monoanionic ligands. These include, inter alia, 

cyclopentadienyl ligands, preferably containing a donor function 
bonded via a (CR 2 ) P bridge, where R is hydrogen or a hydrocarbyl 
P radical having 1 to 20 carbon atoms, and p is 1 to 4- The 

preferred transition metal is titanium. 

W 20 

SJ There are also ligand systems in which the donor group is linked 

U! rigidly to the cyclopentadienyl radical. Such ligand systems and 

V their metal complexes are reviewed, for example, by P. Jutzi and 

o # siemeling in J. Organomet. Chem. 11995), 500. 175-185, 
^ 25 Section 3. M. Enders et. al., in Chem- Ber. (1996), 129, 459-463, 

JU describe 8 -<juinolyl -substituted cyclopentadienyl ligands and 

#0 their titanium and zirconium trichloride complexes. 

IX 2 -Pi colylcyclopentadienyl titanium trichloride in combination with 

m methyl aluminoxane has been used by M. Blais, J. Chien and 

*g 30 M. Rausch in Organomet. (1998), 17 (17) 3775-3783 for the 

*0 polymerization of olefins . 

It is an object of the present invention to find novel catalyst 
systems which can easily be modified and are suitable for the 
35 polymerization of a-olefins. 

We have found that this object is achieved by substituted 
monocyclopen tadienyl, monoindenyl, monof luorenyl and 
heterocyclopentadienyl complexes of chromium, molybdenum, or 
40 tungsten in which at least one of the substituents on the 

cyclopentadienyl ring carries a donor function which is bonded 
rigidly, not exclusively via sp 3 -hybridized carbon or silicon 
atoms. 
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We have furthermore found a process for the polymerization or 
copolymer izat ion of olefins in which olefins are polymerized in 
the presence of the following components: 



(A) a substituted monocyclopentadienyl, monoindenyi, 

monof luorenyl or heterocyclopentadienyl complex as claimed in 
claim 1, of the formula I 



10 



[y — M — x n J^ I, 



where : 
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where: 

Z 
B 



is chromium, molybdenum or tungsten 
is described by tne formula II 



\ 



EL 



A- 



II 



E' 
R* 



R' 



are carbon or a maximum of one E 1 to E 5 is phosphorus 
or nitrogen, 

is NR 5 R 6 . PR 5 R«, OR 5 , SR 5 or an unsubstituted, 
substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring system, 
is one of the following groups: 



35 



R 9 R 10 R 11 



R 7 R 8 

R 12 



40 



45 



and in addition, if Z is an unsubstituted, 
substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring system, may 
alternatively be 



00 £1:60 66ST-0Tb-eT 



BASf Aktien^^Llschaf t 990382 O.Z. ^^/50544 US 

4 

R 13 

5 where 

L 1 and L 2 are silicon or carbon, 

Jc is 1, and is alternatively 0 if 2 is an 

unsubstituted, substituted or fused, partially 
unsaturated heterocyclic or heteroaromatic ring 
10 system, 

X independently of one another, are fluorine, chlorine, 

bromine, iodine, hydrogen, Ci-Cio-alkyl, 
C 2 -Ci 0 -alkenyl, C«-C 2 o-aryl, alkylaryl having 1-10 
carbon atoms in the alkyl radical and 6-20 carbon 
15 atoms in the aryl radical, NR 15 R 16 , OR 15 , SR**, S0 3 R 15 , 

OC(0)R 1S , CN, SCN, p-diketonate, CO, BF 4 -, PF 6 ~, or a 
bulky, non-coordinating anion, 
Ri-R 16 independently of one another, are hydrogen, 
O C a -C 20 -alkyl, C 2 -C 20 -alkenyl , C 6 -C 20 -aryl, alkylaryl 

*y 20 having 1 to 10 carbon atoms in the alkyl radical and 

Im 6-20 carbon atoms in the aryl radical, or SiR 17 3 . 

y\ where the organic radicals R 1 -R 16 may also be 

J** substituted by halogens, and in each case two geminal 

y or vicinal radicals R*-R 16 may also be linked to form 

yi 25 a five- or six-member ed ring, 

5 R 1 " 7 independently of one another, are hydrogen, 

O Ci-C 20 -alkyl, C 2 -C 20 -alkenyl , C 6 -C 20 -aryl, alkylaryl 

£0 having 1 to 10 carbon atoms in the alkyl radical and 

V* 6-2 0 carbon atoms in the aryl radical, and in each 

W 30 case two geminal radicals R 17 may also be linked to 

*3 form a five- or six-membered ring, 

n is 1, 2 or 3, and 

m is 1, 2 or 3, 

35 (B) if desired, one or more activator compounds, 

and 

(C) if desired, one or more additional conventional 
40 olef in-polymerization catalysts. 

We have furthermore found olefin polymers obtainable by the 
process according to the invention, and fibers, films and 
moldings which comprise the olefin polymers according to the 
45 invent ion - 
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in order to make the bonding to the cyclop en tadienyl ring rigid, 
the most direct link to the donor function contains at least one 
sp- or sp 2 -hybridi zed carbon atom, preferably at least one to 
three sp 2 -hybridi2ed carbon atoms. The direct link preferably 
5 contains an unsaturated double bond or an aromatic ring or forms 
with the donor a partially unsaturated or aromatic heterocyclic 
sy s tern . 

The eye lopen tadienyl ring is 5 bonded to the metal center, 
10 preferably chromium, in the complexes according to the invention 
and can also be a he tero eye lopen tadienyl ligand, i.e. the at 
least one carbon atom may also be replaced by a heteroatora from 
Group 15 or 16. In this case, a c 5 ring carbon atom is preferably 
replaced by phosphorus. In particular, the cyclop en tadienyl ring 
15 is substituted by further alkyl groups, which can also form a 
five- or six-membered ring, for example tetrahyciroindenyl, 
indenyl, benzindenyl or fluorenyl. 

The donor is a neutral functional group containing an element 
20 from the 15th or 16th group of the Periodic Table of the 

Elements/ for example amine, imine, carboxamide, carboxylate, 
ketone (oxo) , ether, thioketone, phosphine. phosphite, phosphine 
oxide, sulfonyl or sulfonamide, or an unsubstituted, substituted 
or fused, partially unsaturated heterocyclic or he tero aroma tic 
25 ring system. 

Preference is given to substituted monocycl open tadienyl, 
monoindenyl, raonof luorenyl and he terocycl op en tadienyl complexes 
of the formula I 



30 



Y M X n 



where : 



35 



M 
Y 



is chromium, molybdenum or tungsten 
is described by the formula II 
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where : 



y 

SB 



E 1_ E S are carbon or a maximum of one E 1 to E s is Fhosphorus or 
nitrogen, 

5 2 is NR 5 R 6 , PR 5 R 6 , 0R S . SR 5 or an unsubstituted. substituted 

or fused, partially unsaturated heterocyclic or 
heteroaroiaatic ring system, 
B is one of the following groups: 



10 



R 7 R 8 R 9 R 10 R 11 

-4-4- -4=4-[ 1 - 



15 



and in addition, if 2 is an unsubstituted, substituted or 
fused, partially unsaturated heterocyclic or 
heteroaromatic ring system, may alternatively be 
□ R 13 

W 

where 

L 1 and I* 2 are silicon or carbon, 
J 25 k is 1, and is alternatively 0 if Z is an unsubstituted, 

s substituted or fused, partially unsaturated heterocyclic 

£3 or heteroaromatic ring system, 

CO x independently of one another, are fluorine, chlorine, 

bromine, iodine, hydrogen, Ci-Ci 0 -alkyl, C 2 -Cio-alkenyl, 



30 C 6 -C 20 -aryl, alkylaryl having 1-10 carbon atoms in the 

alkyl radical and 6-20 carbon atoms in the aryl radical, 
NR15R16, 0 R lS , SRI 5 , S0 3 R 15 , OC(0)R ls , CN, SON. 
0-diketonate, CO, 3F<-, PF 6 ~, or bulky, non-coordinating 
anions, 

35 R*-R 16 independently of one another, are hydrogen, Ci-C 20 -alkyl, 
C 2 -C 20 -alkenyl, C s -C 2 o-aryl. alkylaryl having 1 to 10 
carbon atoms in the alkyl radical and 6-20 carbon atoms 
in the aryl radical, or SiR 17 3 , where the organic 
radicals R!-R 16 may also be substituted by halogens, and 

40 in each case two geminal or vicinal radicals R x -R 16 may 

also be linked to form a five- or six-membered ring, 
Ri 7 independently of one another, are hydrogen, Cx-C^-alkyl, 

C2-C 20 -alkenyl. c 6 -C 20 -aryl, alkylaryl having 1 to 10 
carbon atoms in the alkyl radical and 6-20 carbon atoms 

45 in the aryl radical, and in each case two geminal 

radicals R 17 may also be linked to form a five- or 
six-membered ring, 
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n is 1, 2 or 3, and 

m is 1, 2 or 3- 

A particularly suitable transition metal M is chromium. 

5 

Y is a substituted cyclopentadienyl system, where the radical 
-Bfc-Z carries a rigidly bonded donor function. The 
cyclopentadienyl ring is bonded to the transition metal via an 
T} 5 -bond. The donor can be bonded coordinatively or 
10 non- coordinatively. The donor is preferably coordinated 
intramolecularly to the metal center. 

E 1 to E 5 are preferably four carbon atoms and one phosphorus atom 
or only carbon atoms, and very particularly preferably all of E 1 
15 to E 5 are carbon. 

2 can, for example, form an amine, ether, thioether or phosphine 
together with the bridge B. However, Z can also be an 
Q unsubstituted, substituted or fused, heterocyclic aromatic ring 

v3 20 system, which, besides carbon ring members, may also contain 

W heteroatoms from the group consisting of oxygen, sulfur, nitrogen 

f 7{ and phosphorus. Examples of 5-membered heteroaryl ring groups. 

lj t which, besides carbon atoms, may also contain one to four 

nitrogen atoms or one to three nitrogen atoms and/or one sulfur 
lf| 25 or oxygen atom as ring members, are 2-furyl, 2-thienyl, 

s 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl , 3-isothiazolyl, 

C2 5-isothiazolyl, 1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl, 

CO 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl, 

3 f A 5-thiazolyl, 2-imidazolyl, 4-imidazolyl , 5-imidazolyl, 

4f 30 l,2,4-oxadiazol-3-yl, 1, 2, 4-oxadiazol-5-yl, 1, 3 , 4-oxadiazol-2-yl 

or l,2,4-triazol-3-yl. Examples of S-membered heteroaryl groups, 
which may contain one to four nitrogen atoms and/or one 
phosphorus atom, are 2-pyridinyl, 2-phosphabenzolyi, 
3-pyridazinyl, 2-pyriraidinyl , 4-pyrimidinyl, 2-pyrazinyl, 
35 l,3,5-triazin-2-yl and 1,2, 4-triazin-3-yl, 1,2, 4-triazin-5-yl or 
1, 2,4-triazin-6-yl. The S- and 6-membered heteroaryl ring groups 
here may also be substituted by c 1 -C 10 -alxyl, C 6 -Cio-aryl, 
alkylaryl having 1 to 10 carbon atoms in the alkyl radical and 

6- 10 carbon atoms in the aryl radical, trialkylsilyl or halogens, 
40 such as fluorine, chlorine or bromine, or may be fused to one or 

more aromatic or heteroaromatic ring systems. Examples of 
benzo- fused 5-membered heteroaryl groups are 2-indolyl, 

7- indolyl, 2-cumaronyl, 7-cumaronyl. 2-thionaphthenyl, 
7-thionaphthenyl, 3-indazolyl, 7-indazolyl, 2-benzimidazolyl and 

45 7-benzimidazolyl. Examples of benzo-fused 6-membered heteroaryl 
groups are 2-quinolyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl, 
1-phthalazyl, 2-quinazolyl, 4-<juinazolyl, 8-quinazolyl, 
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5-quinoxalyl, 4-acridyl, 1-phenanthridyl ana l-phenazyi. The 
naming and numbering of the heterocyclic systems has been taken 
from L.Fieser and M . Fieser, Lehrbuch der organischen Chemie 
[Textbook of Organic Chemistry] , 3rd revised edition, Vexlag 
Chemie, Weinheim 1957. In a preferred embodiment, Z is an 
unsubstituted, substituted or fused, heteroaromatic ring system 
or NR 5 R 6 . Preference is given here to simple systems which are 
readily accessible and inexpensive and are selected from the 
following group: 



10 



15 





in 

s 

a 
to 



2-Pyridyl 8-Quinolyl 

G 

\0 20 

W A suitable choice of the radicals R« to R« allows tie activity 

s *l of the catalyst and the molecular weight of the resultant polymer 

H to be influenced. Suitable substituents R« to R» are the same 

£ radicals as described for R*-R" and halogens, for example 

- 25 fluorine, chlorine or bromine, where, if desired, it is also 

possible for two vicinal radicals R» to R" to be linked to form 
a S- or 6-membered ring and also to be substituted by halogens, 
such as fluorine, chlorine or bromine. Preferred radicals R to 
i* RJ 7 are hydrogen, methyl, ethyl, n-propyl, n-butyl, tert-butyl, 

W 30 n-pentyl, n-hexyl, n-heptyl. n-octyl. vinyl, allyl, benzyl, 

*B phenyl, naphthyl, biphenyl and anthranyl, and fluorine, chlorine 

*° and bromine. Suitable organosilicon substituents are, in 

particular, trialkylsilyl groups having 1 to 10 carbon atoms in 
the alkyl radical, in particular trimethylsilyl groups. Z is very 
35 particularly preferably an unsubstituted or substituted, for 
example alkyl-substituted. in particular 8-llnked quinolyl. for 
example 6-quinolyl, 8- (2-methylquinolyi) . 8- (2.3,4-tnmethyl- ,., 
quinolyl) or 8-{2.3.4.S.6,7-hexamethylquinolyl) - These are very 
simple to prepare and simultaneously give very good activities. 

40 

The rigid bridge B between the cyclopentadienyl ring and tne 
functional group Z is a divalent organic radical consisting of 
carbon and/or silicon units with a chain length of 1 to 3. The 
activity of the catalyst can be modified by changing the linfc 
45 length between the cyclopentadienyl ring and the heteroatom 
donor. Since the nature of Z is also affected by the number of 
bridging atoms between the cyclopentadienyl radical and the 
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heteroatom. a variety of combinations of 3 with Z can be chosen 
here to exert an influence. B can be bonded to Z via L» or CR*. 
Owirg to the ease of preparation, the combination of B as CH-CH 
or l.2-phenylene with Z as NR5r« and also of B as CH 2 , C(CH 3 > 2 or 
Si(CH 3 )a and Z as unsubstituted or substituted 8-quinolyl or 
unsubstituted or substituted 2-pyridyl is preferred. Systems 
without a bridge b. in which k is 0, are also very particularly 
simple to prepare. In this case. Z is preferably unsubstituted or 
substituted quinolyl. in particular 8-guinolyl. 

various properties of the catalyst system can also be modified by 
varying the substituents Ri-R». The accessibility of the metal 
atom M to the olefins to be polymerized can be modified through 
the number and type of the substituents. in particular o£ R -R . 
15 Thus, it is possible to modify the activity » d .»*^^Sr 
the catalyst with respect to various monomers, in particular 
sterically hindered monomers. Since the substituents can also 
affect the rate of termination reactions of the growing polymer 
O chain, this is also a way of modifying the molecular weight of 

20 the resultant polymers. The chemical structure of the 
W sunstltuents * tT*- can therefore be varied within broad ranges 

M in order to achieve the desired results and to obtain a 

H customized catalyst system. Examples of suitable C-organic 

2 slstituents M« are the following: Pi-Cir-lW- 

m 25 alkyl may be linear or branched, for example methyl, ethyl, 

SropylT isopropyl. n-butyl. isobutyl, tert-butyl 
G n-hexyl, n-heptyl. n-octyl. n-nonyl, n-decyl and n-dodecyl, 5 to 

S 7-memfered cycloalkyl. which may itself carry a C-dc-aryl group 

»* as substituent, for example cyclopropane, cyclobutane. 

W 30 cyclopentane. cyclohexane, cycloheptane, cyclooctane. cyclononane 

*5 and cyclododecane, C 2 -c 20 -alkenyl. where the alxenyl iwy be 

linear, cyclic or branched and the double bond may be internal or 
terminal! for example vinyl. 1-allyl, 2-allyl, 3-allyl, butenyl. 
Phenyl hexenyl. cyclopentenyl. cyclohexenyl, cyclooctenyl and 
35 cyclooctadienyl, C 6 -c 20 -aryl. where the aryl radical may be 
substituted by further alkyl groups, for example phenyl, 
naphthyl, biphenylyl, anthranyl. o-, m-, p-methylphenyl. 2.3 , 
2 4 -, 2,5- or 2,6-dimetbylphenyl. 2.3.4-, 2.3.5-. 2.3.6 . 2,4. . 
2.4,6- and 3 , 4, 5-trimethylphenyl. and arylalkyl, where <* e 
40 arylalkyl may be substituted by further alkyl groups, for example 
oenzyl/o-. m- and p-methylbenzyl. 1- ^ ^ ^ 

if desired, two of R 1 to R" may also be linked to form a 5 or 
eLembered ring, and the organic radicals «U»« 
substituted by halogens, for example fluoride, chorine or 
45 bromine, in organosilicon substituents SiR«,. suitable radicals 
for R» are the same ones as listed in detail above for R R . 
where, if desired, it is also possible for two R» radicals to be 
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linked to form a 5- or 6-membered ring, for example 
trimethylsilyl, triethylsilyl , butyldimethylsilyl, tributylsilyl, 
triallylsilyl, triphenylsilyl and dime thy lphenylsilyl . Preferred 
radicals R 5 -R 16 are hydrogen, methyl, ethyl, n-propyl, isopropyl, 
5 n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, 
n-octyl, vinyl, allyl, benzyl, phenyl, orthodialkyl- and 
-dichloro-substituted phenyls, trialkyl- and 

trichloro-substituted phenyls, naphthyl, biphenyl and anthranyl. 
Particularly suitable organosilicon substituents are 
10 trialkylsilyl groups having 1 to 10 carbon atoms in the alkyl 
radical, in particular trimethylsilyl groups • particularly 
preferred radicals R 5 and R 6 are methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, 
n-heptyl, n-octyl, allyl, benzyl, phenyl and trialkylsilyl 
15 groups. R 1 to R 4 are preferably hydrogen, methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl. tert-butyl, n-pentyl, n-hexyl, 
n-heptyl, n-octyl. benzyl and phenyl. In preferred 
transition-metal complexes, E 1 E 2 E 3 E C E5 together with RiR 2 R 3 R* is a 
monoalkylcyclopentadienyl radical, for example 3-roethyl- 
20 cyclopentadienyl, 3-ethylcyclopentadienyl, 3-isopropylcyclopenta- 



dienyl or 3 -tert-butyl cyclopentadienyl . a dialkylcyclopentadienyl 

Q radical, for example te tr any droin deny 1, 2, 4-dimethylcyclopenta- 

%1 dienyl or 3-methyl-5-tert-butylcyclopentadienyl, a trialkyl- 

M= cyclopentadienyl radical, for example 2, 3, 5-triroethylcyclopenta- 

IFl 25 dienyl, or a tetraalkylcyclopentadienyl radical, for example 

s 2,3,4, 5-tetramethylcyclopentadienyl. Furthermore, preference is 

Cf also given to compounds in which two vicinal R 1 to R 4 radicals 

?9 form a fused six-membered ring system, in which E^E^E 5 

ft together with RiR a R 3 R 4 is unsubsti tuted or substituted indenyl, 



30 for example indenyl, 2-methylindenyl , 2-ethylindenyl, 
2-isopropylindenyl, 3-methylindenyl, 4 -phenyl indenyl, 
2-methyl-4 -phenyl indenyl or 4 -naphthyl indenyl, or a benzindenyl 
system, for example benzindenyl or 2 -me thylbenz indenyl. In very 
particularly preferred transition-metal complexes, E l E 2 £ 3 E 4 £ 5 

35 together with R l R*R J R 4 is indenyl. 

As in the metallocenes , the transition-metal complexes may be 
chiral. Thus, on the one hand, the cyclopentadienyl radical can 
have one or more centers of chirality, or alternatively the 

40 cyclopentadienyl system may itself only be enantio tropic, ao that 
the chirality is only induced by bonding thereof to the 
transition metal M. This can be effected, for example, simply 
through two different substituents (the donor substituent and, 
for example, an alkyl radical) on the cyclopentadienyl ring in 

45 order to give R- and S-enantiomers of the transition-metal 
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complexes (for the formalism of chirality in cyclopentadienyl 
compounds, see R. Halterman, Chem. Rev. 92, (1992) , 965-994) . 

The substituents X arise, for example, through the choice of the 
5 corresponding metal starting compounds used for the synthesis of 
the metal complexes, but can also be varied subsequently. 
Particularly suitable substituents X are the halogens, such as 
fluorine , chlorine, bromine and iodine, especially chlorine. 
Simple alkyl radicals, such as methyl, ethyl, propyl, butyl, 

10 vinyl, allyl. phenyl and benzyl, also represent advantageous 
ligands X. Further ligands X which may be mentioned, merely by 
way of example and in no way to be taken as limiting, are 
trif luoroacetate, BF 4 ~, PFe~ and weakly or non- coordinating anions 
(see, for example, S- Strauss in Chem. Rev. 1993, 93, 927-942), 

15 such as B(C 6 F 5 ) 4 -. The designation of the ligands X as anions does 
not stipulate the type of bonding to the transition metal M. For 
example, if X is a non- or weaxly coordinating anion, the 
interaction between the metal M and the ligand X is of a rather 
more electrostatic nature. The various types of bonding are known 

20 to the person skilled in the art. 

Amides, alkoxides, sulfonates, carboxylates and p-diketonates are 
also particularly suitable. By varying the radicals R 15 and R 16 , 
it is possible, for example, to finely adjust physical 

25 properties, such as solubility. The radicals R 15 and R l€ are 

preferably Ci-C 10 -alkyl, such as methyl, ethyl, n-propyl, n-butyl, 
tert-butyl, n-pentyl, n-hexyl, n-heptyl and n-octyl and vinyl, 
allyl, benzyl and phenyl. Some of these substituted ligands X are 
very particularly preferred, since they are obtainable from 

30 inexpensive and readily accessible starting materials. Thus, a 
particularly preferred embodiment is for X to be dimethylamide, 
methoxide, ethoxide, isopropoxide, phenoxide, naphthoxide, 
triflate, p- toluene sulfonate, acetate or acetylacetonate- 

35 The number n of ligands X depends on the oxidation state of the 
transition metal M. The number n can thus not be given in general 
terms. The oxidation state of the transition metals M in 
catalytically active complexes is usually known to the person 
skilled in the art. Chromium, molybdenum and tungsten are very 

40 probably in the +3 oxidation state. However, it is also possible 
to employ complexes whose oxidation state does not correspond to 
that of the active catalyst. Such complexes can then be 
correspondingly reduced or oxidized by suitable activators. 
Preference is given to chromium complexes in the +3 oxidation 

45 state. 
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The donor Z can be coordinate vely bonded to the transition metal 
M. This is possible intermolecularly or intramolecularly . The 
donor Z is preferably coordinatively bonded to M 
intramomlecularly. However, this may change during the 
5 polymerization. 

The transition-metal complex of the formula I can be in the form 
of a monomeric, cimeric or trimeric compound, where m is 1, 2 or 
3 respectively. It is possible here, for example, for one or more 
10 ligands X to bridge two metal centers M. 

Preferred complexes are, for example, 

1- (8-quinolyl) -2-methyl-4-methylcyclopentadienylchromium(III) 
dichloride, 1- ( 8-quinolyl) -3-isopropyl-5-methylcyclopentadienyl- 
15 chromium (III) dichloride, 1- ( 8-quinolyl ) -3- ter t-butyl- 
5-methylcyclopentadienyl chromium (III) dichloride, 
1- (8-quinolyl) -2 , 3 , 4, 5- tetramethylcyclopentadienyl chromium (III) 
dichloride, 1- (e-qrainolyl) tetrahydroindenyl chromium (III) 
O dichloride, 1- (8-quinolyl) indenylchromium III I) dichloride, 

jjj 20 i- (8-quinolyl) -2-methylindenylchromiura(III) dichloride, 

jgj i- (8«quinolyl)-2-isopropylindenylchromium(III) dichloride, 

ls j i- (8-quinolyl)-2-ethylindenylchromium(IlI) dichloride, 

ij 1- (8-quinolyl) -2-tert-butyl indenyl chromium (III ) dichloride, 

il i- ( 8-quinolyl )benzindenylchromium( III) dichloride, 

25 a- (8-quinolyl) -2-methylbenzindenylchromium(III) dichloride, 

1- (8- (2-methylquinolyl) ) - 2 -methyl- 4 -methyl cyclopen tad ienyl- 
chromium(III) dichloride, 1- (8- (2-methylquinolyl) ) -2, 3, 4, S-tetra- 
methylcyclopentadienylchromium(III) dichloride, 

[* l- (8- (2-methylquinolyl) ) tetrahydroindenylchramium(III) 

t 4f 30 dichloride, 1- (8- (2-methylquinolyl) ) indenyl chromium (III) 

^ dichloride, 1- (8- (2-methylquinolyl) ) -2-methylindenylchromiuro(III) 

dichloride, 1- (8- (2-methylquinolyl) ) -2 -isopropyl indenyl - 
chromium (III) dichloride, 1- (8- (2-methylquinolyl) ) -2-ethylindenyl 
chromium(III) dichloride, 1- (8- (2-methylquinolyl) ) -2- tert- 
35 butylindenylchromium(III) dichloride, 1- (8- (2-methylquinolyl) ) - 
benzindenylchromium(lll) dichloride and 1- (8- (2-methylguinolyl) ) - 

2- methylbenzindenylchromium(III) dichloride. 

The preparation of functional cyclopentadienyl ligands has been 
40 known for some time. Various synthetic routes for these complex 
ligands are described, for example, by M. Enders et. al. in Chem. 
Ber. (1996), 129, 459-463 or ?. Jutzi and TJ. Siemeling in J. 
Orgmet. Chem. (1995), 500, 175-185. 
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The metal complexes, in particular the chromium complexes, can be 
obtained in a simple manner if the corresponding metal salts, for 
example metal chlorides, are reacted with th ligand anion (for 
example analogously to the examples in DE 19710615). 

5 

The olefin polymerization process according to the invention can 
be combined with all industrially known polymerization processes 
at temperatures in the range from 20 to 300°C and under pressures 
of from 5 to 4000 bar. The advantageous pressure and temperature 
10 ranges for carrying out the process are accordingly highly 
dependent on the polymerization method. Thus, the catalyst 
systems used in accordance with the invention can be employed in 
all known polymerization processes, i.e., for example, in 
high-pressure polymerization processes in tubular reactors or 
15 autoclaves, in suspension polymerization processes, in solution 
polymerization processes or in gas-phase polymerization. In the 
high-pressure polymerization processes, which are usually carried 
out at pressures of from 1000 to 4000 bar, in particular from 
O 2000 to 3500 bar, high polymerization temperatures are generally 

fi 20 also used. Advantageous temperature ranges for these 

w high-pressure polymerization processes are from 200 to 280°C. in 

5 ?f particular from 220 to 270°C. In low-pressure polymerization 

3 processes, a temperature which is at least a few degrees below 

-,2 the softening point of the polymer is generally used. In 

LR 25 particular, temperatures of from 50 to 180°C. preferably from 70 

8 to 120°C, are used in these polymerization processes. In 

O suspension polymerizations, the polymerization is usually carried 

£0 ouc in a suspension medium, preferably in an alkane. The 

r polymerization temperatures are generally in the range from -20 

^ 30 to 11S°C, and the pressure is generally in the range from 1 to 100 

bar. The solids content of the suspension is generally in the 
range from 10 to 80*. The polymerization can be carried out 
batchwise, for example in stirred autoclaves, or continuously, 
for example in tubular reactors, preferably in loop reactors. In 
35 particular, the Phillips-PF process, as described in OS-A 3 242 
150 and OS-A 3 248 179, can be used. Of said polymerization 
processes, gas-phase polymerization, in particular in gas-phase 
fluidized-bed reactors, solution polymerization, and suspension 
polymerization, in particular in loop and stirred-tank reactors, 
40 are particularly preferred in accordance with the invention. The 
gas-phase polymerization can also be carried out by the so-called 
condensed, supercondensed or supercritical method. Different or 
even the same polymerization processes can also, if desired, be 
connected in series with one another, forming a polymerization 
45 cascade. Furthermore, an additive, for example hydrogen, can be 
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used in the polymerization processes in order CO regulate the 
polymer properties. 

The process according to the invention can be used for the 
5 polymerization of various olefinically unsaturated compounds, 
where the term polymerization also includes copolymer iz at ion. In 
contrast to some known iron and cobalt complexes, the 
transition-metal complexes employed in accordance with the 
invention have good polymerization activity, even with higher 
10 a-olefins. and consequently their suitability for 

copolymerization should be particularly emphasized. Suitable 
olefins here, besides ethylene and a-olefins having 3 to 12 
carbon atoms, for example propene, 1-butene, 1-pentene, 1-hexene, 
l~heptene, 1-octene, 1-nonene, 1-decene and 1-dodecene, are also 
15 internal olefins and non-conjugated and conjugated dienes, such 
as butadiene, 1, 5-hexadiene and 1, 6-heptadiene, cyclic olefins, 
such as cyclohexene, cyclopentene and norbornene, and polar 
monomers, such as acrylates, acrolein, acrylonitriie, vinyl 
O ethers, allyl ethers and vinyl acetate, vinylaromatic compounds, 

f\ 20 such as styrene, can also be polymerized by the process according 

qj to the invention. Preferably, at least one olefin selected from 

m the group consisting of ethene, propene, 1-butene, 1-pentene, 

\j 1-hexene, X-heptene. 1-octene and 1-decene is polymerized. In a 

preferred embodiment of the process according to the invention, 
Iff 25 the monomers used are mixtures of ethylene with C3- to 

a C 12 -a-olef ins. In contrast to the situation with some iron and 

2 cobalt compounds, higher a-olefins can also be polymerized very 

well using the catalyst system according to the invention. In a 



CO _ _ _____ ___. 

further preferred embodiment of the process according to the 



30 invention, an olefin selected from the group consisting of 

propene, 1-butene, 1-pentene, 1-hexene, l-heptene and 1-octene is 
polymerized. These last -mentioned olefins in particular can, in 
liquefied or liquid state, also form the solvent in the 
polymerization or copolymerization reaction. 

35 

The metal complexes according to the invention in some cases have 
low polymerization activity, or none at all, and are then brought 
into contact with an activator, component (B) , in order to 
develop good polymerization activity. Examples of suitable 

40 activator compounds are those of the aluminoxane type, in 

particular methyl aluminoxane, MAO. Aluminoxanes are prepared, for 
example, by the controlled addition of water or water-containing 
substances to alkylaluminum compounds, in particular 
trimethylaluminum. Aluminoxane preparations which are suitable as 

45 cocatalyst are commercially available. It is assumed that this is 
a mixture of cyclic and linear compounds. The cyclic aluminoxanes 
can be summarized by the formula (R 28 A10) S and, the linear 
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aluminoxanes by tie formula R 28 (R 28 A10) 3 AlR 2B a , where s denotes the 
degree of oligomerization and is a number from about 1 to 50. 
Advantageous aluminoxanes essentially consist of aluminoxar.e 
oligomers having a degree of oligomerization of from about 1 to 
5 30. and R 28 is preferably a Ci-Cs-alkyl radical, particularly 
preferably methyl, ethyl, butyl or isobutyi. 

Besides the aluminoxanes/ other suitable activator components are 
those used in so-called cationic activation of metallocene 
10 complexes- Activator components of this type are disclosed, for 
example, in EF-B1-0468537 and EP-B1-0427697 • In particular, these 
activator compounds (B) can be boranes, boroxines or borates, for 
example trialkylborane, triarylborane, trimethylboroxine, 
dimethyl anil inium tetraarylborate, trityl tetraarylborate, 
15 dimethyl anil inium boratabenzenes or trityl boratabenzenes 

(see WO-A-97/36937) . Particular preference is given to boranes or 
borates carrying at least two perf luorinated aryl radicals, 
particularly suitable activator compounds (B) are compounds from 
^2 the group consisting of aluminoxane, dimethyl anil inium 

20 tetraki spent af luorophenylborate, trityl tetraki spent af luoro- 
phenylborate or trispentaf luorophenylborane . 



UJ 
SI 

w 



It is also possible to employ activator compounds having stronger 
§==i oxidizing properties, for example silver borates, in particular 

in 25 silver te traki spent af luorophenylborate, or ferrocenium borates, 

5 in particular ferrocenium tet rakisp en taf luorophenylborate or 

t«* ferrocenium tetraphenylborate. 



Mi 
UJ 



The activator component may furthermore be compounds such as 
30 alkylaluminum compounds, in particular t r ime t by 1 aluminum, 
trie thy laluminum, triisobutylaluminum, tributyl aluminum, 
dimethylaluminum chloride, dime thy laluminum fluoride, 
methylaluminum dichloride, methyl aluminum sescraichloride, 
die thy laluminum chloride and aluminum trifluoride. It is also 
35 possible to employ the hydrolysis products of a Iky laluminum 
compounds with alcohols (see, for example, wo-A-95/10546) . 

The activator compounds may furthermore also be alkyl compounds 
of lithium, magnesium or zinc, for example methylraagnesium 
40 chloride, methylmagnesium bromide, ethylmagnesium chloride, 
ethylmagnesium bromide, butylmagnesium chloride, 
dimethylmagnesiura, di ethylmagnesium, dibutylnagnesium. 
methyllithium, ethyllithium, methylzinc chloride, dimethylzinc or 
diethyl zinc. 

45 
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It is sometimes desirable to use a combination of various 
activators. This is known, for example, in the case of 
metallocenes, where boranes, boroxines (W0-A-93/16116 ) and 
borates are frequently employed in combination with an 
5 alky 1 aluminum compound. In general, a combination of various 
activator components with the trans it ion -metal complex according 
to the invention is also possible. 

The amount of activator compounds to be used depends on the type 
10 of activator. In general, the molar ratio between the metal 

complex (A) and the activator compound (B) can be from 1:0.1 to 
1:10,000, preferably from 1:1 to 1:2000. The molar ratio between 
the metal complex (A) and dimethylanilinium tetrakispenta- 
f luorophenylborate. trityl tetrakispentaf luorophenylborate or 
15 trispentaf luorophenylborane is from 1:1 to 1:20, preferably from 
1:1 to 1:15, particularly preferably from 1:1 to 1:5, and that 
between the metal complex (A) and methylaluminoxane is preferably 
from 1:1 to 1:2000, particularly preferably from 1:10 to 1:1000. 
Q Since many of the activators, for example alkylaluminum 

>B 20 compounds, are simultaneously used to remove catalyst poisons 

*4 (so-called scavengers) , the amount employed depends on the 

contamination of the other starting materials. However, the 
person skilled in the art can determine the optimum amount by 
i± simple trials. 

s The transition-metal complex can be brought into contact with the 

£3 activator compound (s) either before or after contacting with the 

CS olefins to be polymerized. Preactivation with one or more 

1* activator compounds before mixing with the olefin and further 

y 30 addition of the same or another activator compounds after 

*| contacting o£ this mixture with the olefin is also possible. 

Preactivation is generally carried out at temperatures of from 10 
to 100*C, preferably from 20 to 80°C. 

35 It is also possible for more than one of the transition-metal 
complexes according to the invention to be brought into contact 
simultaneously with the olefin to be polymerized. This has the 
advantage that a further range of polymers can be produced. In 
this way, bimodal products, for example, can>e prepared. 

40 

Another broad product range can be achieved by using the 
complexes according to the invention in combination with at least 
one conventional olef in-polymerization catalyst (C) . Particularly 
suitable catalysts (C) here are classical Ziegler-Natta catalysts 
45 based on titanium, classical Phillips catalysts based on chromium 
oxides, metallocenes, so-called constrained geometry complexes 
(see, for example, EP-A-0416815 or EP-A-0420436) , nickel and 
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palladium bisimine systems (for their preparation, see 
WO-A-98/03559) , iron and cobalt pyridinebisimine compounds (for 
their preparation, see WO-A-9 8/27124) or chromium amides (see, 
for example, JP-95/170947) . Thus, such combinations also allow, 
5 for example, the preparation of bimodal products or the in-situ 
generation of comonomers. In this case, at least one 
transition-metal complex (A) is preferably used in the presence 
of at least one conventional olef in-polymerization catalyst (C) 
and, if desired, one or more activator compounds (B) . Depending 
10 on the catalyst combinations (A and C) , one or more activators 
are advantageous here. The polymerization catalysts (C) may also 
be supported and he used simultaneously or in any desired 
sequence with the complex (A) according to the invention. 

15 The catalysts (A) according to the invention may, if desired, 
also be immobilized on an organic or inorganic support and used 
in the polymerization in supported form. This is a common method 
_ of avoiding reactor deposits and controlling the polymer 

5 morphology. Preferred support materials are silica gel, magnesium 

}H 20 chloride, aluminum oxide, mesoporous materials, aluminosilicates 

I t and organic polymers, such as polyethylene, polypropylene or 

-..I polystryene, in particular silica gel or magnesium chloride. 

H= The activator compounds (B) and the metal complex (A) can be 

LTI 25 brought into contact with the support in various sequences or 

e simultaneously. This is generally carried out in an inert 

solvent, which can be filtered off or evaporated after the 
p immobilization. However, it is also possible to use the supported 

J* catalyst while still moist. Thus, the mixing of the support with 

30 the activator compound (s) or the contacting of the support with 
the polymerization catalyst can be carried out first. 
Preactivation of the catalyst with one or more activator 
compounds before mixing with the support is also possible* The 
amount of metal complex (A) (in mmol) per gram of support 
35 material can vary greatly, for example between 0.001 and 1. The 
preferred amount of metal complex (A) per gram of support 
material is from 0.001 to 0.5 mmol/g, particularly preferably . 
from 0.005 to 0.1 mmol/g. In a. possible embodiment, the metal 
complex (A) can also be prepared in the presence of the support 
40 material. Another type of immobilization is prepolymerization of 
the catalyst system with or without prior supporting. 

The process according to the invention allows the preparation of 
olefin polymers. The term polymerization, as used here to 
45 describe the invention, covers both polymerization and 

oligomerization, i.e. oligomers and polymers having molecular 
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weights in the range from about 56 to 4,000,000 can be produced 
by this process. 

Owing to their good mechanical properties, the olefin polymers 
5 and copolymers prepared using the complex s according to the 
invention are particularly suitable for the production of films, 
fibers and moldings. This applies both to the polymers and 
copolymers obtained using one or more of the substituted 
monocyclopentadienyl, monoindenyl, monof luorenyl or 
10 heterocyclopentadienyl complexes of chromium, molybdenum or 
tungsten according to the invention and to the combinations 
thereof with one or more of the conventional 
olef in-polymerization catalysts (C) . 

15 The catalysts according to the invention have very good 

productivities. If the results from DE-A-19710615 are compared, 
better (pressure-averaged) activities are found, in particular 
under industrially relevant polymerization conditions 
*T (polymerization time of one hour) . 



20 



Unexpectedly, the complexes according to the invention are also 

c-.s distinguished by good thermal stability. For example, they can be 

\f ref luxed for a period of several hours in toluene without 

M decompos ing . 

Iff 25 

2 

€3 



The examples below illustrate the invention: 



All work was, unless stated otherwise, carried out in the absence 
of air and moisture. Toluene and THP were dried and distilled 
30 over a molecular- si eve column or sodium/benzophenone. 

Triisobutylaluminum (2 M in heptane) was obtained from Witco, MAO 
(methylaluminoxane 10% in toluene) and N,tf' -dimethyl anil lnium 
tetraxis (pentaf luoropbenyl) borate from Albemarle, and MAO 
(methylaluminoxane 30% in toluene) from Witco GmbH. 



35 



The starting compounds shown below were prepared by the 
literature methods cited: 



8-Bromoquinoline 
40 a) J. Mirek, RoczniJci Chen- 1960. 34, 1599-1606; 

b) £ . Reimann in Houben-Weyl, Methoden der Organischen 
Chemie, 4th Edn. , Volume E7a, 366 

8-Bromo-2-methylquinoline: C. M. Leir, J. Org- Chem. 1977, 
45 42, 911 - 913 
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2,3, 4,5-Tetramethylcyclopent-2-enone: F.X. Kohl, P. Jutzi, J. 
Organomet. Chem. 1983, 243, 119 - 121 

2 , 3-Dimethylcyclopent-2-enone 
5 a) M. Dorsch, v. Jager, W. Sp6nlein, Angew. Chem. 1984, 96, 

815 - 16; Angew. Chem., Int. Ed. Engl. 1984, 23, 798; 
b) M. Dorsch, Dissertation, University of Wurzburg, 1985 

1- ( 8-Quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadiene and 
10 l- (8-quinolyl)- (2,3,4, 5-tetraroethyl) trimethylsilylcyclo- 

pentadiene: k. Enders. R. Rudolph, H. Pritzkow Chem. Ber. 
(1996), 129, 459-463. 

Analysis 

15 . . 

NMR samples were taken under an inert gas and sealed in if 
necessary. The internal standard used in the *H- and "C-NMR 
spectra were the solvent signals, whose chemical shifts were 
converted to TMS. KMR measurements were carried out using a 

J 20 Bruker AC 200 and, in particular COSY experiments, on a Bruker AC 

W 300. 

N 

W Mass spectra were measured on a VG Micromass 7070 H and a 

rf Finnigan MAT 8230. High-resolution mass spectra were measured on 

25 Jeol JMS-700 and VG 2 A3 2F instruments. 

p Elemental analyses were carried out using a Heraeus CHN-O-Rapid. 

CS 

Y± The comonomer content of the polymer (%C«), its methyl side-chain 

U 30 content per 1000 carbon atoms in the polymer chain <CH 3 /1000) and 

its density were determined by IR spectroscopy. 

vS 

The T| value was determined using an automatic Ubbelohde 
viscometer (Lauda PVS 1) at 130°C using decalin as solvent 
35 (ISO 1628 at 130°C, 0.001 g/ml of decalin). 

The molecular weight distributions and the means Kn, Mw and Mw/Mn 
derived therefrom were determined by high -temperature gel 
permeation chromatography in accordance with DIN 55672 under the 
40 following conditions: solvent.- 1, 2, 4-trichlorobenzene, 

flow rate: 1 ml/min, temperature: 140°C. calibration with PE 
standards. 
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Abbreviations used: 

Cp cyclopentadienyl 
Me methyl 
5 Ph phenyl 

cat. catalyst (the transition-metal complex according to the 

invention) 
sup. cat. supported catalyst 

T temperature during the polymerization 

10 t polymerization time 

p pressure during the polymerization 

Mw weight average molecular weight 

Mn number average molecular weight 

Tm melting point 

15 n Staudinger index (viscosity) 

Density polymer density 

CH 3 /1000 number of methyl side chains per 1000 carbon atoms 
%Cg comonomer content of the polymer in weight % 

S 

tB 
U 
si 

lil Ligand synthesis: 



20 General synthetic procedure: 



An eguimolar amount of n-BuLi was added to 8-bromoquinoline or 
Ifl 25 N,N-dimethylanilir.e, end the mixture was subsequently reacted 

h_ with tetraroethylcyclopentenone or 1-indanone. After hydrolysis 

p and acid-catalyzed elimination of water, the corresponding ligand 

P was isolated {yields between 40 and 70%) . 

lg 

k p 30 Complex synthesis: 

lo 

The ligand anions were prepared by deprotonation using n-BuL»i or 
potassium hydride and reacted with the corresponding metal 
halide. Purification was carried out by reprecipitation or 
35 recrystallization (yields generally about 60%) . 

Example 1. 

1.1. Preparation of 1- (2-N,N-dimethylaminophenyl) -2, 3, 4, 5-tetra- 
40 metbylcyclopentadiene 

80.0 ml (0.20 mmol) of n-BuLi in hexane (2.5 M) were slowly added 
dropwise at 0°C to 30.0 g (0.25 mol) of N,N- dimethyl aniline. The 
mixture was then ref luxed for 52 hours, when the orange solution 
45 had cooled to room temperature, 27.6 g (0.20 mol) Of 

tetramethylcyclopentenone were added slowly, and the mixture was 
ref luxed for a further 48 hours. After cooling to room 
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temperature, the orange suspension was poured onto ice and 
adjusted to pH 2 using cone, hydrochloric acid. The r d solution 
was stirred for a further 30 minutes and rendered alkaline using 
cone, ammonia solution. The organic phase was separated from the 
5 acjueous phase, and the latter was extracted with diethyl ether. 
The combined organic phases were dried, and the solvent was 
stripped off under reduced pressure. The crude product was 
distilled under reduced pressure over a 10 cm Vigreux column at 
110-115°C/10- 2 mbar, giving 14.2 g of 1- (2-N, N- dime thy lamino- 
10 phenyl) -2,3, 4 , 5- tetramethylcyclopentadiene (30%) as an orange 
oil . 



1.2. Preparation of 1- (2-N,N-diroethylaminophenyl) -2, 3 , 4, 5-tetra- 
methylcyclopentadienylchromium(lll) dichloride 

A solution of 1.66 mmol of 1- (2-N, N-dimethylaminophenyl ) - 
2, 3, 4, 5-tetramethylcyclopentadienyllithiura in 20 ml of THF (from 
0.4 g of the corresponding cyclopentadiene compound (1.66 mmol) 
and 0.66 ml of 2.5 M BuLi in hexane (1.66 mmol)) was slowly added 
dropwise at room temperature through a septum stopper to a 
suspension of 0.6 g of CrCl 3 (TEF) 3 (1.66 mmol) in 50 ml of THF 
using a transfer cannula. The reaction mixture was stirred for 
12 hours, and all the volatile constituents were subsequently 
removed from the blue-green suspension under a high vacuum. The 
solid which remained was taken up in toluene and filtered. After 
repeated extraction of the frit residue with hot toluene, the 
solvent was removed from the combined extracts. The blue-green 
powder obtained was washed with hexane and dried in a high 
vacuum. Crystals of the product were obtained from a toluene 
solution at -30°C. 0.47 g (79%) of 1- ( 2-N, N- dimethyl amino- 
phenyl ) -2 , 3 , 4 , 5- tetramethylcyclopentadienylchromium(III) 
dichloride was isolated. 

MS (EI): m/e (%) = 362 (10, K*) ; 326 (100, M+- HC1) ; 311 (72, M*- 
35 HC1,- CH 3 >; 290 (14, HC1) ; 241 (32, CpMe* (PhNKe 2 ) H+) ; 

224 (CpMe 4 (PhNMe 2 )+-CE 3 , ~H) ; 209 (CpMe 4 (PhNMe 2 ) *-2CH 3 , 
-H) ; 120 (10, N.N-dimethylaniline"*) 

Example 2. 

40 

Preparation of bis { [1- (2-N,N-dimethylaminophenyl) -2 , 3 , 4, 5- 
tetramethylcyclopentadienyl] dicarbonyl chromium (I) } 

Chromium hexacarbonyl (1.14 g, 5.17 mmol) was suspended in 50 ml 
45 of n-decane, and 0.8 g of 1- (2-N, N- dime thy laroinophenyl) - 

2, 3,4, 5-tetraroethylcyclopentadiene (3.45 mmol) was added. Slowly 
warming to 200°C and refluxing produced a black-brown suspension. 
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The n-decane was then removed under reduced pressure (SxlO* 1 mbar, 
60°C) , and the residue was taken up in dichl or ome thane and applied 
to a column (12 cm, A1 2 0 3 , 5% of H 2 0) . It was eluted with 
dichlorome thane as the only, green fraction. Removal of the 
5 solvent under a high vacuum gave 0.52 g of bis ( [1- (2-K,N-di- 
methylaminophenyl) -2,3.4, 5-tetramethylcyclopentadienyl] - 
dicarbonylchromiuro(I) } (22%) . 

-H-NMR: (200 MKz, CD 2 Cl 2 ) 6 = 1.64, 1.88 (s, 24 H, Cp-C/f 3 ) ; 2.26 
10 (S, 12 H, N-Ctf 3 ); 6.88 (d, 2 H. CHAr) ; 7.00 (t, 2 K, 

CKAr) ; 7.15-7.21 (m, 2 K, QHhr) ; 7.53 (d, 2 H, CHAr) . 
13C-NMR; (50 MHz, CD 2 C1 2 ) 8 = 9.74. 10.22 (Cp-CH 3 ) ; 29.69, 101.07 
(Cp, q); 42.68 (N-CH 3 ); 124.8, 101.3 (CAr, q) ; 117.6, 
120.8, 128.15, 135.98 (CAr, t) . 
15 MS (EI): m/e (%) = 669 (78, M+-CO, +H) , 584 (52, M+- 4 CO), 290 
(100, HV2-2CO-2H) , 241 (20, CpMe 4 (PhNMe 2 ) *) 
FT-IR: (CH 2 C1 2 ) v (cm -1 ) = 1849.5 (vs. Vk-c=o> • 1875.5 (m, v M -c=o) 



^ Example 3. 



20 



Photochemical preparation of 1- (2-N,N-dimethylaminophenyl) - 
2,3,4, 5-tetramethylcyclopentadienylchromium(III) dichloride 



SI 

w 

M 

^ a solution of 0.15 g of bis { [1- (2-N, N-cimethylaminophenyl) - 

Iff 25 2,3,4, 5-tetramethylcyclopentadienyl] dicarbonyl chromium (I) } 

6 (0.21 mmol) in 50 ml of dichloromethane was irradiated for 

C2 48 hours with a mercury high-pressure lamp. A color change of the 

*^ initially green solution to blue was observed- When the 

irradiation was complete, the reaction mixture was evaporated 
30 under reduced pressure and covered with a layer of hexane at room 
temperature. Blue needles crystallized from the hexane layer. El 
mass spectroscopic analysis of these showed that they were the 
complex 1- (2-N,N-diroethylaminophenyl) -2,3,4, 5-tetramethyl- 
cyclopentadienylchromiumCIII) dichloride (0.05 g, 32%) • 

35 

Example 4. 

Preparation of 1- [2- (N, N- dime thy laroinophenyl ) ] indene 

40 36 ml of n-BuLi (2.5 M in hexane, 0.09 mmol) were added dropwise 
with stirring at room temperature to 18 g of N,N-dimethylaniline 
(0.14 rnmol) . When the addition was complete, the mixture was 
refluxed at 100°C for 72 hours, giving a yellow suspension, to 
which 11.8 g of 1-indanone (0.09 mmol) in 30 ml of THF were added 
45 dropwise with ice-cooling. The mixture* was then refluxed for a 
further three hours and cooled to room temperature, ice and then 
hydrochloric acid were added to pH 1, and the mixture was stirred 
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for 3 0 minutes, neutralized using ammonia solution and stirred 
for a futher half an hour. The phases were separated, the aqueous 
phase was extracted with diethyl ether, and the combined organic 
phases were dried, filtered and evaporated to dryness under 
5 reduced pressure. The crude product obtained was the hydroxy 1 
compound, which was again treated with hydrochloric acid to 
pH = 0, ref luxed for 2 hours and subsequently neutralized and 
distilled at 125°C/7xlO- 2 mbar, giving 3.1 g of 
1- [2- (N,N-dimethylaminophenyl) ] indene (14%) as a brown oil. 

10 

MS (EI);m/e {%) - 235 (M 4 *, 100.0), 220 (M + - CH 3 . 52). 
Example 5. 

15 Synthesis of 1- (8-quinolyl) -2, 3-dimethylcyclopentadiene 

5 ml of n-auLi (2.5 M in hexane, 12.5 mmol) were added dropwise 
at -95°C to a solution of 2.5 g of 8-broraoquinoline (12 mmol) in 
120 ml of THF, the mixture was stirred for 15 minutes, and 1.3 g 

20 of 2, 3-dimethylcyclopent-2-enone (12 mmol) dissolved in 10 ml of 
THF were subsequently added. After warming to room temperature, 
the solution was ref luxed for one hour. The cooled reaction 
mixture was hydrolyzed using ice, acidified using hydrochloric 
acid and then neutralized using ammonia solution. The aqueous 

25 phase was extracted with diethyl ether, and the combined organic 
phases were dried. Distillation at 150*C/0.05 mbar gave 1.1 g of 
1- (8-quinolyl) -2, 3-diroethylcyclopentadiene (40%) as a yellow, 
viscous oil. 

30 1H-NMR: (200 MHz, CDC1 3 ) 8 = 1.90 <s, 3H, CH 3 ) : 2.03 <s, 3H, CJf 3 ) ; 

3.59 <m, 2H, CH 3 ); 6.19 <s, 1H, CH) ; 7.32 - 7.73 (m, 4H, 
quinoline-JT) ; 8.13 (dd, 1H) ; 8.89 (dd, 1H) . 
"C-NMR: (50 MHz, CDC1 3 ) 5 = 12.4, 14.1 (CH 3 ); 44.4 (CH 2 ) ; 120.5, 
125.8, 12S. 3, 127.1, 129.8, 135.9, 149.4 (CH) / 128.5. 
35 135.9, 139.1. 140.0, 143.8, 145.8 (quat. C) . 

MS (El) : m/e (%) = 221 (86) CM*) ; 220 (100) [M+ -H] ; 206 (31) [M* 
-CKjIi 191 (9) CM*-2CH a 1. 



40 
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Example 6. 

Preparation of 1- (8-quinolyl) -2 , 3, 4, 5-tetramethylcyclo- 
pentadienylchromium(III) dichloride from 
5 1- (8-quinolyl) -2,3,4. 5-tetramethylcyclopentadienylpotassium 

0.4 g of iM8-guinolyl)-2,3,4,5-tetramethylcycloper.tadiene 
(1.61 mmol) was added with stirring to 0.06 g of potassium 
hydride (1.61 mmol} in 20 ml of TKF. After the mixture had been 

10 stirred for three hours, a red solid precipitated from the 

solution. This suspension was transferred, by means of a transfer 
cannula, into a mixture of 0.6 g of CrCl 3 (THF> 3 in 20 ml of TKF 
at room temperature. After the mixture had been stirred for 
16 hours, the TKF was removed under a high vacuum, and the solid 

15 was taken up in toluene. The insoluble potassium chloride was 
separated off. The solvent was removed, and the residue was 
washed with hexane and dried under a high vacuum. 0.4 g of green 
powder was isolated as product in a yield of 70%. 

5 

y 20 MS <EI>:m/e (%) * 370 (12, M*) ? 334 (19, H+-C1) ; 249 <99, 

Me 4 C5 (crinoline) + -H) 
HR-E1-MS:370. 02213 (calc), 370.02203 (measured). 



LU 

j"f Example 7 , 

25 

Preparation of 1- (8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclo- 
pentadienylchromium(lll) dichloride from 



in 



£3 



£ 1- (8-quinolyl)-2,3,4,5«tetramethyltrimethylsilylcyclopentadiene 

Uf 

30 0.08 g of CrCl 3 (THF) 3 (0.23 mmol) was suspended in 20 ml of 
\{J toluene, and 0.08 g of 1- (8-quinolyl) -2, 3,4, 5-tetramethyl- 

trimethylsilylcyclopentadiene (0.23 mmol) was added. The reaction 
mixture was refluxed for three hours and stirred for a further 
16 hours at room temperature, and the toluene was then distilled 

35 off under a high vacuum. The green powder obtained was washed 
with hexane and dried under a high vacuum. 

MS (EI):m/e (%) = 370 (12, M*) 7 334 (19, M*-C1) ; 249 (99, 
Me 4 Cp (quinoline) *-H) 

40 
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Example 8. 

1- (8-QuinolyD indenylchromium(III) dichloride 
5 8.1. Preparation of 1- (8-quinolyl) indene 

, •« !„o cio 4 q 50 nraol) was introduced into 100 ml of 
8-Bromoquinolxne (10.4 g. 5U ran n-BuLi 
TKF. and the mixture was cooled to about LUO « 

(2.5 M in hexane, 50 .» were acded ^edition was 

10 internal temperature vas ^ ^t""« SVSrt*" 15 

complete, the mixture was stxrred at 80 C for ml of 

rai nute S . and 6. 6 ff of 1-incanon . (50^ mmol) dxsso 
THF, were then added dropwxse. and was then refluxed 

allowed to warm slowly to room "^"Jure *n om w> 

15 for 3 hours. After the ^^^^f/^^xe added to about P H 1, 
firstly ice and then hyd roch loric «« » us and 

and the mixture was stirre fo r 30 was treate<l with 

organic phases were separated, the «£• • ^ ether> ud tbe 

an^onia solution to about P H to dryness 

20 combined organic phases ^^^^aSed in this way 

under reduced Pxessure The ^^Isir**** with hydrochloric 
(1 .(8-quinolyl)-xr.dan-l-ol 8H.01 was neutralised. 

acid to P H 0. " £1 ** e * f g of "(8-auinolyDindene (55%) 
After work-up ano crying, 6.6 g ot i to «a 
25 were isolated as a colorless solid. 

1- (8-Quinolyl) -inda^-l-ol (8H.O) _ fi g4 |M# 

XH-NMR: (200 »»• » " ^ 7.36 (m, 4H, CW , 7.44 - 7. SO 

1H, quinoline CH) , 7.^4 ; dd 

IB), 8.66 (.. br. IK. OS); e.M 

■*« «- lffi -, c r 1 iU S ; ". m * 5." a" »»•»• 



35 



1- {8-QuinolyD indene 

MS (EI) : m/e (%) = 243 (65) DM ; 242 (100) CM*-H] . 
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KR-MS (EI) : 243.1048 (calc), 243.1038 (found). 

C,H,N analysis: calc: 88.86% C, 5.39% H, 5.75% N 

found: 87.55% C, 5.52% H, 5.92% N. 

5 

8.2. Preparation of 1- (8-quinolyl) indenyl chromium (III) 
dichloride: 



0.05 g of potassium hydride (1.23 mmol) was suspended in 20 ml of 
10 THF , and 0.3 g of 1- (8-quinolyl ) indene (1.23 mmol) was slowly 
added. The resultant violet suspension was stirred at room 
temperature for three hours and then added dropwise to a mixture 
of 0.46 g of chromium (III) chloride 3 THF (1.23 mmol) in 50 ml of 
TKF and, when the addition was complete, the mixture was stirred 
15 for a further 16 hours. The solvent was removed under reduced 
presssure, and the resultant solid was extracted with hot 
toluene. After the solvent had been distilled off from the 
combined extracts, the product was obtained as a green powder, 
which was washed a number of times with hexane and dried under a 
20 high vacuum, giving 0.22 g of 1- (8-guinolyl) indenylchromium(III) 
i~S dichloride (50%). 

id 

SJ Alternatively, the residue was taken up in methylene chloride 

M= and, after removal of potassium chloride and the solvent, the 

iff 25 chromium complex was likewise obtained. 



LI 



13 

m 

J* 

w 

v0 



MS (EI) : m/e (%) = 364 (0.2, M+) ; 329 (0.1. M*-C1) ; 242 (100, 
ind (quinoline ) ♦) 

30 



HR-EI-MS:363. 97519 (calc), 363.97615 (measured) 
Example 9. 



35 9.1- Preparation of 1- (8-quinolyl) -2-methylindene 

6.70 ml of n-BuI*i (16.8 mmol) were added dropwise at 100°C to 
3.50 g of o-bromo quinoline (16.8 mmol) dissolved in 50 ml of THF, 
and the mixture was subsequently stirred at 80°C for 15 niinutes. A 

40 solution of 50 ml of THF and 2.45 g of 2-methyl-l-indanone 

(16.8 mmol) was then added to the lithiated bromoquinoline over 
the course of 10 minutes. The mixture was allowed to cool to room 
temperature, and the solution was then refluxed for three hours, 
cooled to room temperature, acidified to pH 1 using ice and 

45 hydrochloric acid and subsequently refluxed for three hours* The 
reaction mixture was adjusted to pH 9 using ammonia solution, and 
the aqueous phase was extracted with diethyl ether. The combined 
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organic phases were dried, and the solvent was removed. The crude 
product was purified by distillation under reduced pressure at 
150-160°C/10- 2 mbar, giving 1.5 g of 1- (8-quinolyl) -2 -methyl indene 
(45%) as a yellow, viscous resin. 

5 

9.2. Preparaiton of 1- (8-quinolyl) -2 -roe thylindenyl chromium (III) 
dichloride 

1- (8-quinolyl) -2-methylindene (0.3 g, 1.16 mmol) was added 
10 dropwise with ice-cooling to a suspension of 0.04 g of potassium 
hydride (1.16 mmol) in 10 ml of THF. The mixture was then warmed 
to room temperature and stirred for three hours. The deep-violet 
solution was added dropwise at -30°C to CrCl 3 (THF) 3 in 20 ml of 
THF. When the addition was complete, the reaction mixture was 
15 warmed, the solvent was removed under reduced pressure, the 
residue was extracted with warm toluene, and precipitated 
potassium chloride was filtered off. Removal of the solvent under 
a high vacuum gave 0.35 g of 1- (8-quinolyl) -2-methylindenyl- 
9 chromium (III) dichloride (79%) as a green powder. 

Example 10. 

ul 

10.1. Preparation of 1- (2 -methyl- 8-quinolyl) -2, 3, 4, 5-tetramethyl- 
N cyclopentadiene 
«1 25 

■ a solution of 4.4 g of 8-bromo-2-methylquinoline (20 mmol) in 

Q 50 ml of THF was cooled to -78°C, and 8.8 ml of n-BuLi (2.5 M in 

p3 hexane, 22 mmol) were added dropwise with stirring. After the 

mixture had been stirred for 10 minutes. 3.5 g of 2 . 3, 4 , 5-tetra- 
30 methylcyclopentenone (25 mmol) were added dropwise, and the 
solution was warmed to room temperature, ref luxed for one hour 
and cooled. Ice and hydrochloric acid were added to about pH 1, 
the mixture was neutralized using ammonia solution, the phases 
were separated, and the aqueous phase was extracted with pentane. 
35 After the combined organic extracts had been dried, the pentane 
was removed under reduced pressure, and the brown oil which 
remained was distilled under a high vacuum (b.p. : 
115°C/0.01 mbar). 1- (2 -Methyl -8-quinolyl) -2, 3, 4, 5-tetramethyl- 
cyclopentadiene was obtained as a yellow, viscous oil in a yield 
40 of 60% (3.2 g). 

1K-NMR: (200 MHz, CDC1 3 ) 8 = 6a: 1.55 (s, 6H) ; 1.78 (s. 6H) ; 2.64 
(s, 3H); 5.53 (s, 1H) ; 6.84 <dd, IE); 7.12 - 7.50 (m, 
3H) ; 7.90 (d, 1H) . 

45 
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6b: 0.71 <d, 3 J(H,H) = 7.6 Hz, 3H) ; 1,82 (s, 3H) ; 1.87 - 
1.88 (m, 6H); 2.58 (s, 3H) ; 4.20 <m, 1H) ; 7.09 - 7.55 (m, 
4H); 7.89 Cd, IK) . 

5 13 C-NMR: (50 MHz, CDC1 3 ) 5 = 6sr 11.2. 11.3 (CH 3 ) ; 25.6 (quinoline 
CH 3 ); 56.3 (allyl CH) ; 121.3, 125.7, 126.4, 130.5 , 136.2 
(guinoline CH) , 135.6, 138.9, 139.0, 1412.8, 147.0, 157.4 
(quat. C) . 

6b: 12.0, 12.2, 13.0, 14.2 (CH 3 ) ; 25.7 (guinoline CH 3 ) ; 
10 52.1 (allyl CH); 121.4, 125.0. 125.3, 125.8, 136.0 

(quinoline CE) ; 126.7, 126.8, 131.2, 134.6. 138.4. 142.7, 
146. 7, 157.8 (quat. C) . 

MS (EI):m/e (%) = 263 (85) ; 262 (100) [VT -H) ; 248 (98) It** 

15 -CH 3 ]; 232 (20) [M~ -H -2CK 3 ] ; 218 (10) [M* -3CH 3 K 

KR-MS (EI) :263 .1674 (calc. ) , 263.1647 (found) 

Q 10 ,2. Preparation of 1- (2-methyl-8-quinolyl) -2, 3,4, 5-tetramethyl- 

Uf 



20 cyclopentadienylchromium(Iir) dichloride 



hj 0.3 g of l-(2-raethyl-8-quinolyl)-2,3,4,5-tetramethyl- 

S| cyclopentadiene (1.14 rcmol) in 30 ml of THF was deprotonated 

K using 0.45 ml of n-butyllithium (2.5 K in hexane, 1.14 rarool) . 

ill 25 After the mixture had been stirred for two hours, the red 

solution was added dropwise to a suspension of chromium (III) 
{3 chloride in 20 ml of THF. After the mixture had been stirred at 

pf room temperature for 16 hours, the solvents were evaporated off, 

f* and the resultant residue was taken up in 20 ml of toluene. The 

Jn 30 green suspension was filtered, and the residue was extracted a 

l~ number of times with hot toluene. Conventional work-up gave the 

product as a green powder (0.22 g) in a yield of 50%. 

MS (EI):m/e (%) = 384 (54. tt*) ; 348 (100, M* - CI); 263 (62, 
35 M+-2C1-Cr«- 2H) ; 248 (49, M+-2C1-Cr-CH) . 

HR-EI-MS:384. 03778 (calc), 384.03775 (measured). 

Examples 11 to 27 

Polymerization with ethene 



40 



The polymerization examples listed in Table 1 were carried out at 
an ethene pressure of 1 bar in a 50 or 250 ml flask with 
45 overpressure valve. 
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The complex s were suspended in the respective amount of toluene 
and activated using the appropriate amount of methylaluminoxane, 
after which homogeneous violet solutions formed- A stream of 
ethene was then passed over the mixture with stirring. The 
5 reaction vessel was held at the stated temperature by means of a 
water bath. When the polymerization was complete, the polymers 
obtained were stirred for ten minutes with methanol in 
hydrochloric acid. The polyethylene was obtained as a white 
solid, which was filtered off, washed with methanol and dried at 



In Examples 11 to 16, the complex from Example 1 
( 1- ( 2-N, N-dime thyl aminophenyl) -2,3,4, 5-tetramethylcyclopenta- 
cienylchromium(III) dichloride) was used, in Examples 17 to 20, 
15 the complex from Example 6 (1- (e-guinolyl) -2 , 3, 4, 5-tetra- 

methylcyclopentadienylchromium(III) dichloride) was used, and in 

Examples 21 to 27, the complex from Example 8 

(1- (8-quinolyl) indenyl chromium (III) dichloride) was used. 
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Example 28- 

Copolymerization of ethene with 1-hexene using 
5 1- (8-quinolyl) indenylchroraium(III) dichloride as catalyst 

The experiment was carried out analogously to Examples 11 to 27 
in the presence of 10 ml of 1 -hexene. 2 mg (0,0054 mmol) of the 
chromium complex from Example 8 in 100 ml of toluene were used 
10 here. The Al:Cr ratio was 1000:1. The polymerization was 

terminated after 30 minutes. 3.09 g of copolymer were isolated, 
corresponding to an activity of 1144 g of polymer/ (mmol -bar -h) . 



15 



Examples 29 to 51 

Polymerization of ethene and copolymerization of ethene with 
1- hexene. 



s 

*g The polymerization experiments were carried out in a 1 1 

Iq 20 four-neck flask fitted with contact thermometer , stirrer with 

*%| Teflon blade, heating mantle and gas-inlet tube, in each case, 

iU from 5 to 20 umol of the complexes were introduced into 250 ml of 

~~'4 toluene at 40°C under argon. 

¥± 

25 Or. activation with MAO, in each case the amount stated in Table 2 

* of 1.6 M KAO in toluene were added. 

Q 
'8 

l A on activation with borate, the amount of DMAB (dimethylanilinium 

ui tetrakis (pentaf luorophenyl) borate) stated in Table 2 was added, 

S 3° the mixture was heated to 70°C, and TiBAl (triisobutyl aluminium) 

was then added. The solution was then cooled to 40°C, and a stream 
of about 20 to 40 1/h of ethylene was then passed in at 
atmospheric pressure for one hour. In the copolymerization 
experiments, 5 ml of hexene were introduced before the addition 
35 of ethylene, and a stream of ethylene was then passed in. The 

remainder of the hexene was metered in via a dropping funnel over 
the course of 15 minutes. 

The reaction was terminated by addition of a mixture of 15 ml of 
40 concentrated hydrochloric acid and 50 ml of methanol, and the 
mixture was stirred for a further 15 minutes. After a further 
250 ml of methanol had been added and the mixture had been 
stirred for 15 minutes, the product was filtered off, washed 
three times with methanol and dried at 70°C. The polymerization 
45 and product data axe shown in Table 2. 



so tj/xaz 9b dSba 



6t :60 66ST-0nd-£I 



BASF Aktiem 




lschaf t 



990382 



O.Z. 



/50544 US 



32 



In Example 29, the complex from Example 1 (1- (2-N,N-dimethyl- 
aminophenyl) -2,3,4, 5-tetramethylcyclopentadienyl chromium (III) 
dichloride) was used, in Examples 30 to 34. the complex from 
Example 6 (1- (8-quinolyl) -2, 3, 4, 5- tetramethylcyclopentadienyl] - 
5 chromium(III) dichloride) was used, in Examples 35 to 45. the 
complex from Example 8 (1- (8-quinolyl) indenyl chromium (III) 
dichloride) was used, in Examples 46 to 49, the complex from 
Example 9 (1- (8-quinolyl) -2-methylindenylchromiuni (III) 
dichloride) was used, and in Examples 50 to 51, the complex from 
10 Example 10 (1- ( 2-me thy 1- 8-quinolyl) -2,3,4,5-tetratr.ethylcyclo- 
pentadienylchromium(III) dichloride) was used. 
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Examples 52 to 56. 

Autoclave copolymer izat ions of ethylene with 1-hexene 



5 

The amounts of MAO (1.6 M in toluene) shown in Table 3, 300 ml of 
toluene and 50 ml of hexene were introduced into all steel 
autoclave. The autoclave was heated to the temperature shown in 
Table 3, and the catalyst, dissolved in toluene, was metered in 
10 with ethylene via a lock, in such a way that the desired ethylene 
pressure was simultaneously established. 

The data on the polymerization conditions and the product 
properties are shown in Table 3. 

15 

In Examples 52 to 54, the complex from Example 6 
(l-(8-<juinolyl)-2,3,4,5-te t r ame t hy 1 eye 1 open t adieny 1 - 
chromium (III) dichloride) was used, in Example 55, the complex 
O from Example 1 (1- (2-N,tf-dimethylaminophenyl) -2. 3 , 4 , 5-tetra- 

rt 20 me thylcyclopentadienyl chromium (III) dichloride) was used, and in 

m Example 56, the complex from Example fi (1- (8-quinolyl) indenyl- 

chromium(III) dichloride) was used. 
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Examples 57 to 60. 
Polymerization of propene 

5 

The corresponding chromium complexes were suspended in 30 ml of 
toluene, and the appropriate amount of MAO (Table 4) was added in 
a nitrogen flask. The propene was introduced into the reaction 
mixture at room temperature via a gas-inlet tube at a gas 
10 pressure of 1 bar. After the reaction, the crude product was 
adjusted to pH 1 using methanol in hydrochloric acid solution. 
Drying of the organic phase gave the polymers as colorless 
solids. 

15 In Example 57, the complex from Example 1 (1- (2-N, N-dimethyl- 
aminophenyl) -2 ,3,4, 5-tetramethylcyclopentadienylchromium ( III ) 
dichloride) was used, in Example 58, the complex from Example 6 
(1- (8-guinolyl)-2,3, 4, 5-tetramethyicyclopentadienyl- 
chromium(III) dichloride) was used, and in Examples 59 and 60, 

20 the complex from Example 8 (1- (8-quinolyl) inder.ylchromium(III) 
dichloride) was used. The polymerization data are shown in 
Table 4. 



Table 4: Polymerization data for Examples 57 to 60 



28 



30 



EX. . 


Amount of 

cat. 
[mmol] / Crog] 


t 

[min] 


Yield 
W 


Activity 
[g PP/mol 
cat. h bar] 


Al:Cr 


57 


0.09/33 


90 


0.53 


3.92 


100:1 


58 


0.005/2 


120 


1.20 


111 


100:1 


59 


0.0054/2 


240 


1.06 


50 


1000:1 


60 


0.016/6 


90 


0.36 


15 


100:1 



The polypropylene from Example 60 is characterized as follows: 

35 

M« : 82024; Mn? 7197; M^/M^: 11.4; viscosity r\: 0 . 53 . 

Example 61. 

40 Polymerization of 1-hexene 

The complex from Example 6 (1- (8-quinolyl) indenyl chromium (III) 
dichloride) (2 ntg, 5.4 umol) was suspended in 10 ml of l-hexene» 
and 5.4 mmol of methylaluminoxane (1.6 M in toluene) were added 
4S in a 50 ml nitrogen flask, and the mixture was stirred at room 
temperature for 24 hours. When the polymerization was complete, 
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the reaction mixture was adjusted to pH i using methanol in 
hydrochloric acid solution, and the organic phase was dried under 
vacuum. The complex is capable of polymerizing hexene . 
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We claim: 

1. A substituted nonocyclopentadienyl, monoindenyl , 

5 monof luorenyl or heterocyclopentadienyl complex of chromium, 

molybdenum or tungsten in which at least one of the 
substituents on the cyclopentadienyl ring carries a donor 
function which is bonded rigidly, not exclusively via 
sp 3 -hybridized carbon or silicon atoms. 

10 

2. A substituted monocyclopentadienyl , monoindenyl, 

monof luorenyl or heterocyclopentadienyl complex as claimed in 
claim 1/ of the formula I 

15 M X n j^ I, 

where: 

o 

^0 20 M is chromium, molybdenum or tungsten 

W Y is described by the formula II 

C3 R 3 
CO / 
H. R* 

W 30 



where: 



E*—B 5 . are carbon or a maximum of one E 1 to E 5 is phosphorus 
or nitrogen, 

35 z is NR 5 R 6 , PR 5 R 6 , OR 5 , SR 5 or an unsubstituted, 

substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring system, 
B is one of the following groups: 

40 



45 
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1$ 



40 

R 7 R fl R 9 R ,0 R" 
R' 2 



and in addition, if Z is an unsubstituted, 
substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring system, may 
10 alternatively be 

R 13 

15 where 

L 1 and L 2 are silicon or carbon, 

k is 1, and is alternatively 0 if Z is an 

^ unsubstituted, substituted or fused, partially 

O unsaturated heterocyclic or heteroaromatic ring 

y 20 system, 

M 



X independently of one another, are fluorine, chlorine, 

bromine, iodine, hydrogen, Ci-Cxo- alkyl, 
\| C 2 -Cio-alkenyl, C6-C 20 -aryl, alkylaryl having 1-10 

carbon atoms in the alkyl radical and 6-20 carbon 
if! 25 atoms in the aryl radical, NR l5 R 16 , OR* 5 , SR«, S0 3 R 1S , 

5 OC(0)R 15 , CN, SCN, p-diketonate, CO, BF 4 ", PF 6 ~, or a 

O bulky, non-coordinating anion, 

^ rI-H 16 independently of one another, are hydrogen, 

f* Ci«C 20 -alkyl, c 2 -C 20 -alkenyl, C 6 -C 20 -aryl, alkylaryl 

*ij 30 having 1 to 10 carbon atoms in the alkyl radical and 

^ 5-20 carbon atoms in the aryl radical, or SiR 17 3 , 

where the organic radicals R x -R 16 may also be 
substituted by halogens, and in each case two geminal 
or vicinal radicals R 1 -* 16 may also be linked to form 
35 a five- or six-membered ring, 

Ri ? independently of one another, are hydrogen, 

Ci-C 2 o-alkyl, C 2 -C 20 -alkenyl, C6-C 20 -aryl, alkylaryl 
having 1 to 10 carbon atoms in the alkyl radical and 
6-20 carbon atoms in the aryl radical, and in each 
40 case two geminal radicals R 17 may also be linked to 

form a five- or six-member ed ring, 
n is 1, 2 or 3, and 

m is 1, 2 or 3. 
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3. A substituted nono cyclop en tadi enyl » monoincenyl, 

monof luorenyl or heterocyclopenradienyl complex of chromium 
as claimed in claim 1 or 2 . 

5 4. A substituted mono cyclop en tadi enyl, raonoindenyl , 

monof luorenyl or he terocycl open tadi enyl complex as claimed in 
claim 2, in which Z is an unsubstituted, substituted or 
fused, heteroaromatic ring system. 

10 5. A substituted monocycl open tadi enyl , monoindenyl, 

monof luorenyl or heterocyclopentadienyl complex as claimed in 
claim 2, in which E 1 E 2 E 3 E*E 5 together with R^R 3 ^ is 
unsubstituted or substituted indenyl. 

15 6. A substituted monocyclopen tadi enyl , monoindenyl, 

monof luorenyl or heterocyclopentadienyl complex as claimed in 
claim 5, in which E 1 E 2 E 3 E 4 E 5 together with R*R 2 is indenyl. 

? 7. A substituted mono cyclop en tadi enyl, monoindenyl, 

\Q 

W 
SJ 

ly fi-(quinolyl) system , and k is 0 



20 monof luorenyl or heterocyclopentadienyl complex as claimed in 

claim 6, in which Z is an unsubstituted or substituted 



M= B. A process for the polymerization or copolymer! z a tion of 

In 25 olefins, in which olefins are polymerized in the presence of 

s _ the following components: 

CO 



(A) a substituted monocyclopentadienyl, monoindenyl, 
monof luorenyl or heterocyclopentadienyl complex as 
30 claimed in claim 1, of the formula I 



[y M x n ^ I, 



35 where: 



M is chromium, molybdenum or tungsten 

y is described by the following formula II 



R 1 

40 \ R 2 

45 / 

R* 
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where: 



£i- E 5 are carbon or a maximum of one E 1 to E 5 is phosphorus 
or nitrogen. 

5 z is NR 5 R 6 , PR 5 R 6 , OR 5 , SR 5 or an unsubsti tuted, 

substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring sy9tem, 
B is one of the following groups: 

10 r 7 r 8 r 9 r 10 r 11 

-i=A- -A=i-t- 



R 12 



15 



and in addition, if Z is an unsubsti tuted, 
substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring system, may 
O alternatively be 

^ 20 

W L 

Sj 

U JU 

si R 
lJs where 

jj| 25 L 1 and L 2 are silicon or carbon, 

s k is ii and- is alternatively 0 if Z is an 

O unsubstituted, substituted or fused, partially 

£0 unsaturated heterocyclic or heteroaromatic ring 

system, 

W 20 X independently of one another, are fluorine, chlorine, 

5 bromine, iodine, hydrogen, Ci-C 10 -alkyl, 

C 2 -C 10 -alkenyl, C6-C 20 -aryl, alkylaryl having 1-10 
carbon atoms in the alkyl radical and £-20 carbon 
atoms in the aryl radical, NRi*R 1€ . OR**, SR 15 , S0 3 R 1S , 
35 0C(0)R 15 , CN, SCN, p-diketonate, CO, BP 4 ~. PF 6 "/ or a 

bulky, non- coordinating anion, 
R x-Ri6 independently of one another, are hydrogen, . 

Ci-C 20 -alkyl, C 2 -C 2D -alkenyl, C 6 -C 20 -aryl, alkylaryl 
having 1 to 10 carbon atoms in the alkyl radical and 
40 6-20 carbon atoms in the aryl radical, or SiR 17 :>, 

where the organic radicals R*-R 16 may also be 
substituted by halogens, and in each case two geminal 
or vicinal radicals R l -R 16 may also be linked to form 
a five- or six-member ed ring, 
45 Ri7 independently of one another, are hydrogen, 

Ci-C 20 -alkyl, C 2 -C 2t ralkenyl, C 6 -C 20 -aryl, alkylaryl 
having 1 to 10 carbon atoms in the alkyl radical and 
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6-20 carbon atoms in the aryl radical, and in each 

case two geminal radicals R 17 may also be linked to 

form a five- or six-membered ring, 
is 1, 2 or 3, and 
is 1, 2 or 3. 



n 

m 



(B) if desired, one or more activator compounds. 



and 



10 



(C) 



if desired, one or more additional conventional 
olef in-polymerization catalysts. 



9 A process as claimed in claim 8, in which the activator 
15 * compound (B) is a compound selected from the group consisting 
of aluminoxane, dime thy lanilinium tetrakispentaf luoro- 
phenylborate, trityl tetrakispentaf luorophenylbor ate or 
tr i spent af luorophenylborane . 

Q 

3 20 10. A process as claimed in claim 8, in which at least one olefin 

W selected from the group consisting of ethene, propene. 

^ 1-butene, 1-pentene, l-hexene, l-heptene, 1-octene and 

il l-decene is polymerized. 

-4 

[fx 25 11. A process as claimed in claim 8. wherein an olefin selected 

fi from the group consisting of propene, 1-butene, l-pentene, 

C3 l-hexene, 1-heptene and 1-octene is polymerized. 

CO 

M 12. A process as claimed in claim 8, in which the polymerization 

W 30 is carr ied out in suspension, in solution or in the gas 

phase. 

13. An olefin polymer obtainable by a process as claimed in claim 



6. 



35 



14. A fiber, film or molding comprising an olefin polymer as 
claimed in claim 13 as essential component. 
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Monocyclopentadienyl complexes of chromium, molybdenum or 
tungsten 

5 Abstract 

Substituted monocyclopentadienyl. monoindenyl, monof luorenyl and 
heterocyclopentadienyl complexes of chromium, molybdenum or 
tungsten in which at least one of the substituents on the 
10 cyclopentadier.yl ring carries a donor function which is bonded 
rigidly, not exclusively via sp3-hybridized carbon or silicon 
atoms, and a process for the polymerization of olefins. 
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